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INTRODUCTION
Tumor development is a complex process involving sequen-
tial alterations in oncogenes and tumor suppressor genes
(Klein, 1987; Weinberg, 1989; Boyd and Barrett, 1990).
Those genetic alterations are frequently accompanied
during tumor progression by apparent changes in the mor-
phology of cancer cells as well as in the architecture of the
affected tissue. A dramatic consequence of those alterations
is the invasion of adjacent connective tissues by malignant
cells as the first step in the metastatic cascade (Liotta, 1986;
Parish et al., 1987; Hynes, 1989). Cell adhesion processes
play a major role in the acquisition and maintenance of the
specific tissue architecture and homeostasis, and are pro-
foundly altered during tumorigenesis. Among the different
molecules involved in cell adhesion, the cadherin family of
proteins mediating calcium-dependent intercellular adhe-
sion are essential for vertebrate morphogenesis and tight
association of cells (see Takeichi, 1988, 1991; Edelman and
Crossin, 1991, for reviews). Each member of the cadherin
family shows a dynamic spatiotemporal pattern of
expression associated with morphogenetic events and main-
tains a tissue-specific expression in the adult organism
(Yoshida and Takeichi, 1982; Hatta et al., 1985; Hatta and
Takeichi, 1986; Nose and Takeichi, 1986). Transfection of
cadherins into normal fibroblasts also supports an impor-
ant role for E- or P-cadherin in the acquisition of epithe-
lial morphology (Nagafuchi et al., 1987; Nose et al., 1988;
Mege et al.,1988). On the other hand, inactivation of cad-
herins leads to disruption of cell-cell adhesion and evidence
from in vitro systems supports an anti-invasive role for the
E- adherin molecule (Behrens et al., 1989; Frixen et al.,
1991; Vleminckx et al., 1991; Chen and Obrink, 1991).
Several studies of different types of human and mouse car-
cinomas have also shown a correlation between the
expression of E-cadherin and the differentiation grade of
tumors (Shimoyama et al., 1989; Shimoyama and Hiro-
hashi, 1991; Schipper et al., 1991; Navarro et al., 1991;
M reel et al., 1991; Ruggeri et al., 1992; Oka et al., 1992;
Umbas et al., 1992; Gamallo et al., 1993). However, a clear-
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Transfection of E- and P-cadherin cDNA has been car-
ried out in murine spindle carcinoma cells previously
shown to be deficient in both cadherins (Navarro et al.,
J. Cell Biol. 115, 517-533, 1991). High levels of
expression of E- or P-cadherin do not significantly affect
the fibroblastic morphology of the parental spindle cells.
In addition, the tumorigenic behavior of these highly
malignant cells is not influenced by the ectopic
expression of either cadherin. Nevertheless, a fraction
of the exogenous cadherins is able to associate to deter-
gent-insoluble components of the transfectant cells, and
the expression of the exogenous E-cadherin confers
Ca2+-dependent aggregation on the spindle transfectants
in an in vitro assay. Immunoprecipitation analysis of the
cadherin-catenin complex of the transfectants revealed
that the ectopic E-cadherin associates with the - and
-catenin proteins. However, the -catenin/plakoglobin
component could not be detected in the E-cadherin
immunocomplexes of the spindle transfectant cells, in
contrast to the epithelial cells where the three catenins
appeared to be associated with E-cadherin. The lack of
association of -catenin is correlated with very low levels
of plakoglobin in whole cell extracts of the parental spin-
dle cells. These results indicate that the association of
E-cadherin with the - and -catenin components is not
sufficient to promote a fibroblastoid-epithelial conver-
sion of highly malignant spindle cells. The presence of
pl koglobin could be required for the proper organiz-
ation of E-cadherin in the transfectant cells in order to
acquire an epithelioid phenotype.
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morphology
SUMMARY
Expression of E- or P-cadherin is not sufficient to modify the morphology
and the tumorigenic behavior of murine spindle carcinoma cells
Possible involvement of plakoglobin
Pilar Navarro*, Encarnación Lozano and Amparo Cano†
Instituto de Investigaciones Biomédicas, CSIC, Departamento de Bioquímica, Facultad de Medicina, UAM, Arturo Duperier,
4, 28029 Madrid, Spain
*Present address: Servicio de Inmunología, Hospital de La Princesa, c/ Diego de León, 62, 28006 Madrid, Spain
†Author for correspondence
924
cut correlation between down-regulation of E-cadherin and
metastatic behavior has not been always found. Thus, dif-
ferentiated type gastric adenocarcinomas expressing high
levels of E-cadherin often metastasize to distant organs
(Shimoyama and Hirohashi, 1991). Similar results have
been obtained in ductal breast carcinomas where no corre-
lation between the immunoreactive levels of E-cadherin and
lymph node status has been detected (Shiozaki et al., 1991;
Gamallo et al., 1993). These observations have led to the
suggestion that the function of E-cadherin can be impaired
in several types of carcinomas and thus be involved in
reduced intercellular adhesion, in spite of the apparent pres-
ence of the molecule at the cell surface (Takeichi, 1991;
Matsuyoshi et al., 1992).
The functional activity of cadherins is mediated by the
interaction of the cytoplasmic domain of the molecules with
the cytoskeleton (Nagafuchi and Takeichi, 1988; Ozawa et
al., 1990; Kintner, 1992) through a set of associated pro-
teins of 102-80 kDa, termed a-, b- and g-catenin (Ozawa
et al., 1989; Nagafuchi and Takeichi, 1989; Wheelock,
1990; McCrea and Gumbiner, 1991; Wheelock and Knud-
sen, 1991). The recent cloning of a- and b-catenins has
shown that the 102 kDa a-c tenin is homologous to the
cytoskeleton-associated protein vinculin (Nagafuchi et al.,
1991; Herrenknecht et al., 1991) and the 92 kDa b-catenin
is homologous to the Drosophila armadilloprotein
(McCrea et al., 1991) but distinct from plakoglobin (Peifer
et al., 1992; Butz et al., 1992). Although the g-catenin com-
ponent has not been cloned, it has been recently proposed
that it corresponds to plakoglobin or a 83 kDa plakoglo-
bin-like protein (Knudsen and Wheelock, 1992; Peifer et
al., 1992), although some discrepancies in the association
of plakoglobin with E-cadherin have also been reported
(Butz et al., 1992). The characterization of the E-cadherin-
catenin complex has shown that b-catenin interacts strongly
with the cell adhesion molecule whereas the interaction of
a- and g-catenin is weaker, as g-catenin is more readily dis-
sociated from the complex (McCrea and Gumbiner, 1991;
Ozawa and Kemler, 1992). Similar characterization of the
interaction of the three catenins with P- or N-cadherin are
not yet available. The determinant role of the interaction
with the cytoskeleton in cadherin function strongly suggests
that changes in the catenin complex or modulation of its
interaction with cadherins can be directly involved in the
loss of functional intercellular adhesion occurring in tumor
progression. In support of this hypothesis, it has been shown
recently that the failure of lung carcinoma PC9 cells to form
cell clusters can be explained by the lack of the a-catenin
component (Shimoyama et al., 1992; Hirano et al., 1992).
On the other hand, it has also been shown recently that
tyrosine phosphorylation of the cadherin-catenin complex
in v-src-transformed cells can cause unstable cell-cell adhe-
sion (Matsuyoshi et al., 1992; Hamaguchi et al., 1993).
Our previous studies on E- and P-cadherin in mouse epi-
dermal carcinogenesis indicated an important role for E-
cadherin in the development of squamous cell carcinomas,
apparently independent of the level of P-cadherin
expression, and transfection of E-cadherin into squamous
carcinoma cells led to a partial reversion of their tumori-
genic behavior (Navarro et al., 1991). In addition, that work
also showed that both E- and P-cadherin were down-regu-
lated during the last stages of tumor progression in that
system, i.e. the development of fully undifferentiated spin-
dle cell carcinomas. The present genetic evidence supports
the idea that spindle cell carcinomas are derived from fur-
ther progression of squamous cell carcinomas (Klein-
Szanto et al., 1989; Buchmann et al., 1991; Burns et al.,
1991). The aim of the present study was to analyse the influ-
ence of exogenous E- or P-cadherin in the morphological
and tumorigenic behavior of spindle carcinoma cells. We
report here that stable expression of either cadherin is not
sufficient to reverse the fibroblastic morphology or to
change the tumorigenic behavior of spindle cells signifi-
cantly, regardless of the ability to confer calcium-depen-
dent aggregation. Analysis of the catenin-associated com-
plex in transfectant cells indicates that exogenous
E-cadherin associates with a- and b-catenin, but not with
g-catenin/plakoglobin in spindle transfectant cells.
Extremely low levels of the plakoglobin protein have been
detected in the parental spindle cells. These observations
indicate that the association of cadherins with only a- and
b-catenin components is not sufficient to induce the fibrob-
lastoid to epithelial conversion of carcinoma spindle cells.
The possible role of plakoglobin in cadherin organization
is discussed.
MATERIALS AND METHODS
Cell lines and culture conditions
Th  origin and tumorigenic properties of the murine cell lines used
in this study have been described (Bremner and Balmain, 1990;
Quintanilla et al., 1991; Navarro et al., 1991). Briefly, MCA3D
is an immortalized non-tumorigenic keratinocyte cell line derived
from mouse skin (Kulesz-Martin et al., 1983); PDV is a trans-
formed mouse keratinocyte cell line obtained by in vitro treatment
of a mouse epidermal cell culture with the carcinogen DMBA
(Fusenig et al., 1982); E62 is a clone derived after E-cadherin
transfection of squamous carcinoma HaCa4 cells (Navarro et al.,
1991); and CarB is a fibroblastoid cell line derived from a spin-
dle cell carcinoma induced by treatment of mouse skin with
DMBA/TPA (Quintanilla et al., 1986; Bremner and Balmain,
1990). MCA3D, PDV and E62 cells were grown in Ham’s F12
medium supplemented with 10% FCS (Gibco LTd., Paisley, Scot-
land) and CarB cells in Dulbecco’s MEM supplemented with 5%
FCS. B th media were also supplemented with antibiotics (ampho-
tericin B, 2.5 mg/ml; ampicillin, 100 mg/ml and gentamicin, 32
mg/ml; Sigma Chemical Co., St. Louis, MO) and the cells were
grown at 37°C in a 5% CO2 humidified atmosphere.
Antibodies
Rat monoclonal antobodies (mAb) to mouse E-cadherin (ECCD-
2, Shirayoshi et al., 1986) and to mouse P-cadherin (PCD-1; Nose
and Takeichi, 1986) were donated by Dr M. Takeichi (University
of Kyoto, Kyoto, Japan). A rat mAb to a-catenin was a gift from
Drs A. Nagafuchi and S. Tsukita (National Institute for Physio-
logical Sciences, Okazaki, Japan). Affinity-purified rabbit anti-
serum to the Drosophilla armadilloprotein was a gift from Dr M.
Peifer (University of North Carolina, North Carolina, USA). A
mouse mAb to bovine plakoglobin PG5.1 (Cowin et al., 1986)
was purchased from Progen (Heidelberg, Germany). Species
approp iate secondary antibodies coupled to different reagents
we  from different suppliers.
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Transfection procedure and tumorigenicity
assays
CarB cells were cotransfected by the calcium phosphate method
with the neomycin resistance vector pSV2neo and either
pBATEM-2 or pb act-Pcad vector containing the complete cDNA
coding sequences of mouse E- or P-cadherin, respectively (Nose
et al., 1988), essentially as decribed previously for HaCa4 cells
(Navarro et al., 1991) with slight modifications. Transfections
were carried out in Dulbecco’s MEM, 10% FCS, and after 4 h
the DNA solution was removed and the cells were shocked in
15% glycerol for 2 min, as decribed (Maniatis et al., 1982). Fresh
Dulbecco’s MEM containing 5% FCS was then added and selec-
tion with 0.4 mg/ml G418 started after 24 h. The pBATEM-2 and
pb act-Pcad vectors were kindly provided by Dr M. Takeichi and
the pSV2neo vector by Dr J.L. Jorcano (CIEMAT, Madrid, Spain).
The tumorigenicity tests were carried out by subcutaneous
injection in male nu/nu mice as described (Navarro et al.,
1 9 9 1 ) .
Cell aggregation assays
Calcium-dependent cell aggregation assays were carried out as
described (Takeichi, 1977) with some modifications. Cells were
detached from tissue plates by treatment with Clostridiumcolla-
genase A, 0.1 unit/ml (Boehringer Manheim, Germany) in HMF
buffer (10 mM Hepes, pH 7.4, 150 mM NaCl) containing 0.1%
glucose and 0.04 mM CaCl2 for 30 min at 37°C, followed by
treatment with 0.01% trypsin (type I, Sigma Chemical Co.), and
1 mM CaCl2 for an additional 30 min period at 37°C. After
addition of 0.1% soybean trypsin inhibitor (type I-S, Sigma Chem-
ical Co.) in HMF buffer, cells were collected by centrifugation
and resuspended at 2´ 106 cells/ml in HMF buffer containing 10
mM CaCl2 (HMF-Ca buffer) or 1 mM EGTA and 0.5% BSA.
Cells were plated in 24-well tissue plates (105c ll/well) and incu-
bated in a rotary shaker (80 r.p.m.) for 30 or 60 min at 37°C. The
number of suspension particles was counted with a hemocytome-
ter at the end of the incubation time, and the aggregation index
estimated by the index Nt/No, where Nt is the number of particles
at the end of the incubation and No the number of particles at the
beginning of the incubation.
Immunofluorescence
Cells grown to confluence on 12 mm glass coverslips were washed
in HMF-Ca buffer and fixed in cold methanol (- 20°C) for 5 min.
Coverslips were incubated with mAb ECCD-2 or PCD-1 and flu-
orescein- or rhodamine-conjugated secondary antibodies (Cappel,
Durham, NC) as previously described (Navarro et al., 1991). 
Immunoprecipitation
For immunoprecipitation of the cadherin-catenin complex, cells
grown in F-25 flasks to 75 % confluence were metabolically
labelled in 3 ml of methionine-free MEM (Gibco Ltd.) supple-
mented with 10% dialysed FCS and 100 m Ci/ml of [35S]methio-
nine (trans-label, Amersham, England, 12.4 m Ci/m l) for 16 h at
37°C in a 5% CO2, humidified atmosphere. After washing in
HMF-Ca buffer containing a mixture of protease inhibitors (2 mM
PMSF, 2 mM iodoacetic acid, 2 mM N-ethylmaleimide; Sigma
Chemical Co.) the cells were extracted in 1 ml of lysis buffer (1%
NP-40, 1% Triton X-100, 50 mM Tris-HCl, pH 7.4, 100 mM
NaCl, 5 mM CaCl2), containing a mixture of protease inhibitors,
by gentle shaking during 20 min at 4°C. After addition of 20 m g/ml
aprotinin (Sigma Chemical Co.), cells were scraped from the flasks
and centrifuged at 12,000 r.p.m. for 15 min in a microfuge. Super-
natants were precleared by incubation with 100 m l of rabbit anti-
rat Ig (Nordic Immunological Laboratories, Tilburg, The Nether-
lands) conjugated with Protein A-Sepharose (Pharmacia LKB
Biotechnology, Upsala, Sweden) for 2 h. After centrifugation the
precleared supernatants were incubated with the mAb ECCD-2
(1/250) or PCD-1 (1/20) during 2 h, followed by incubation with
30 m l of rabbit anti-rat-conjugated Protein A-Sepharose for 1 h.
As negative controls, the precleared supernatants were incubated
with non-immune rat Ig as the first antibody. Immunocomplexes
were collected by centrifugation, washed 5 times in gentle con-
ditions (Ozawa and Kemler, 1992) in a buffer containing 0.05%
NP-40, 0.1% ovalbumin (Sigma Chemical Co.), 50 mM Tris-HCl,
pH 7.4, 0.5 M NaCl, and finally resupended in 30 m l of Laemmli
sample buffer (Laemmli, 1970) and boiled for 5 min. Samples
were analysed in 8% SDS-PAGE gels and subjected to fluorog-
raphy using Enhance (Amersham, UK) following the instructions
provided by the supplier. All incubation and washing steps were
carried out at 4°C.
Preparation of cell extracts and western
immunoblotting
Whole-cell extracts were obtained from confluent cells as previ-
ously described (Navarro et al., 1991). NP-40 solubilization was
carried out essentially as described (Nagafuchi and Takeichi,
1988). Briefly, after washing twice in HMF-Ca buffer the cells
were scraped in 1 ml of HMF-Ca buffer containing the mixture
of protease inhibitors described above. After centrifugation, the
cell pellets were extracted in 300 m l of 2.5% NP-40 in HMF-Ca
buffer with protease inhibitors during 10 min at 4°C and cen-
trifuged at 100,000 g for 30 min at 10°C. The supernatants were
collected, adjusted to 1´ Laemmli sample buffer (Laemmli, 1970)
and boiled for 4 min (soluble fraction). The high-speed pellets
were resuspended in 375 m l of Laemmli sample buffer, sonicated
(two 30 s cycles at maximum intensity) and boiled for 4 min
(insoluble fraction). 
Western immunoblotting was carried out after electrophoretic
transfer to nitrocellulose filters of cell extracts or immunoprecip-
itates previously resolved on reducing SDS-PAGE gels. After
blocking with 2% non-fat milk the proteins of interest were
detected by specific monoclonal or polyclonal antibodies followed
by species-appropriate secondary antibodies coupled to different
reagents. 125I-anti-rat Ig (Amersham) and autoradiography were
used for E- and P-cadherin detection; goat anti-mouse and anti-
rabbit Ig coupled to alkaline phosphatase (Sigma Chemical Co.)
were used to detect plakoglobin and b -catenin, respectively. Alka-
line phosphatase activity were developed using NBT (nitrob-
luetetrazolium) and BCIP (bromochloroindolylphosphate)
reagents (Sigma Chemical Co.). For a -catenin detection a biotiny-
lated anti-rat-Ig and extravidin-peroxidase complex (Amersham)
was used, and the peroxidase activity was developed by the chemi-
luminescent reagent ECL (Amersham).
RESULTS
Characterization of E- and P-cadherin
tra sfectants from spindle carcinoma cells
The CarB cell line was derived from an in vivo induced
spindle cell carcinoma by the two-stage carcinogenesis pro-
tocol (Quintanilla et al., 1986; Bremner and Balmain,
1990). This cell line exhibits a fibroblast-like morphology
in culture and has completely switched off the expression
of E- and P-cadherin at the protein and mRNA levels (Figs
1 and 3; and Navarro et al., 1991), although no large
rearrangements or deletions have been detected in either
cadherin gene (Navarro et al., 1991; and results not shown).
CarB cells were cotransfected with a neomycin resistance
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vector and either pBATEM-2 or pb act-Pcad expression vec-
tors containing the complete coding sequences of mouse E-
or P-cadherin cDNAs (Nose et al., 1988), respectively.
G418-resistant clones were isolated and analysed for the
appropriate cadherin expression with the mAb ECCD-2
(anti-mouse E-cadherin) or PCD-1 (anti-mouse P-cadherin)
by immunofluorescence and Westtern immunoblotting.
Total numbers of 9 and 10 positive clones for E- and P-
cadherin transfection, respectively, were initially character-
ized. Two representative clones derived from each trans-
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Fig. 1. Im m u n o fluorescence staining of E- and P-cadherin from CarB transfectant clones. The different cell lines were grown on glass
coverslips and washed in HMF-Ca buffer before fixation in cold methanol. (A-D) Immunofluorescence staining with mAb ECCD-2.
(E-F) Immunofluorescence staining with mAb PCD-1. Cell lines: (A) CarB; (B) control clone neo6; (C) transfectant clone CarEC14;
(D) transfectant clone CarEB3; (E) transfectant clone CarPB5; and (F) transfectant clone CarPD3. The positive staining by each antibody at
the cell-cell interface is shown by arrows. For clone CarPB5 an area of the culture showing a more epithelioid organization was deliberately
chosen. See also the fibrillar distribution for E- (C) or P-cadherin (F). Negative staining with mAb PCD-1 was also detected in the parental
CarB cells and control clone neo6 (see also Figs 3B and 4B). Bar, 20 m m .
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fection were chosen for further studies: CarEC14 and
CarEB3 for E-cadherin transfection and CarPB5 and
CarPD3 for P-cadherin transfection. As a control, we chose
the clone neo6 obtained after transfection with the
neomycin resistance vector alone. Fig. 1 shows the
immunofluorescence patterns obtained in the transfectant
clones with mAb ECCD-2 (Fig. 1C and D) and PCD-1 (Fig.
1E and F). As can be observed, positive staining for the
corresponding antigen was detected at the cell surface of
the four clones, in contrast to the negative staining observed
in the parental CarB cells or in the control clone neo6 with
it er antibody (Fig. 1A and B., Navarro et al., 1991, and
results not shown). The pattern of staining observed showed
the localization of cadherins at cell-cell contact areas in
clones CarEB3 (Fig. 1D) and CarPB5 (Fig. 1E), although
some punctate and fibrillar distribution of the cell adhesion
molecules could also be observed in other areas of the cul-
tures. This fibrillar distribution of cadherins was more evi-
Fig. 2. Morphological phenotype of CarB transfectants. The morphology of the different transfectants of CarB cells was revealed by
phase-contrast microscopy. The photographs were taken from cells growing at high (A-F) or low (C-F, insets) density. Cell lines: (A)
CarB; (B) control clone neo6; (C) transfectant clone CarEC14; (D) transfectant clone CarEB3; (E) transfectant clone CarPB5; and (F)
transfectant clone CarPD3. See the epithelioid-like phenotype at low density (C-F, insets) and the fibroblastic morphology at high density
(C-F). Bar, 40 m m.
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dent in the other two clones CarEC14 (Fig. 1C) and CarPD3
(Fig. 1F) where the expression of cadherins could also be
observed at free cell surfaces. 
In spite of the expression of E- or P-cadherin, the mor-
phology of the transfectants did not show any significant
change from parental cells or control clone. As shown in
Fig. 2, the two E-cadherin positive transfectants showed
some tendency to form cell-cell contacts, acquiring a more
epithelioid morphology when growing at low density during
the first passages (Fig. 2C and D, insets, see also Fig. 1E),
but they recovered the spindle morphology of parental cells,
without apparent cell-cell contacts, when they grew at high
density or reach confluency (Fig. 2C and D). Similar behav-
ior was observed for the P-cadherin clones CarPD3 (Fig.
2F) and CarPB5 (Fig. 2E), although in the latter case the
cells remained more flattened and some cell-cell contacts
could still be observed after reaching confluency. No appar-
ent change in the morphology of the parental cells or con-
trol clone neo6 could be observed at low density (not
shown). The rest of the isolated clones also showed the
same spindle morphology and immunoflorescence patterns
for E- or P-cadherin staining as the clones described above.
The biochemical characterization of the cadherins
expressed by the transfectant clones was carried out by
western immunoblotting of whole-cell extracts (Fig. 3). The
mAb ECCD-2 recognized a polypeptide of 124 kDa in cell
extracts of the different E-cadherin transfectants, as shown
in Fig. 3A for CarEC14 and CarEB3 clones, coincident with
the size of E-cadherin reported in mouse keratinocytes
(Navarro et al., 1991). On the other hand, the mAb PCD-
1 detected a polypeptide of 119 kDa in cell extracts of the
P-cadherin transfectants (Fig. 3B, for CarPB5 and CarPD3
clones), as expected for mouse P-cadherin (Nose and Take-
ichi, 1986; Navarro et al., 1991).
The expression of the exogenous cDNAs in the four
selected clones was also analysed by northern blotting using
specific probes for each cadherin. The four clones showed
the expression of high levels of the corresponding E- or P-
cadherin mRNAs, in contrast to the complete absence of
expression of either mRNA in the parental CarB cells or in
the control clone neo6 (results not shown). In both types
of cadherin transfectants the mRNAs detected exhibited a
size slightly larger than those of the endogeneous E- or P-
cadherin mRNAs expressed by the control cell line MCA3D
(Navarro et al., 1991), identifying unambigously the cad-
herins expressed by the transfectants as derived from the
exogenous cDNAs. The stable integration of the exogenous
E- or P-cadherin cDNA in the four transfectants was also
demo strated by Southern blot analysis (results not shown).
The parental CarB is a highly tumorigenic cell line that
gives rise to spindle tumors, when injected into nude mice,
with an extremely short latency period of 7-9 days (Buch-
mann et al., 1991; Navarro et al., 1991; Díaz-Guerra et al.,
1992). To asses the influence of cadherin expression in the
m ignancy of spindle CarB cells, we analysed the tumori-
genic behavior of the E- and P-cadherin transfectants by
injection in nu/nu mice. The results obtained in three sep-
arate experiments are presented in Table 1. As can be
observed, both the E-cadherin (CarEC14 and CarEB3) and
P-cadherin (CarPD3, CarPB5) transfectants gave rise to
tumors at all injection sites. The tumors induced by the E-
cadherin transfectants developed with similar latency peri-
ods t  those induced by the parental CarB cells or the con-
trol clone neo6, whereas those induced by the P-cadherin
tr nsfectants tended to develop with slightly longer latency
periods. However, those differences were in general not sig-
nificant, except in 1 out of 10 tumors induced by CarPB5,
which showed a latency of 16 days. The tumors induced
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Fig. 3. Immunoblot detection of ECCD-2 (A) and PCD-1 (B)
antigens of CarB transfectants. Whole-cell extracts of the different
clones were obtained from cells growing at high density, without
trypsinization and in the presence of 10 mM CaCl2 and protease
inhibitors. Cell lysates were loaded on 8% SDS-PAGE gels at 50
m g protein/lane, transferred to nitrocellulose membranes and
detected with the mAb ECCD-2 (A) or PCD-1 (B). Migration of
the molecular mass markers, 205, 116 and 97.4 kDa is indicated
by small marks on the right. The estimated molecular mass, in
kDa, of the antigens detected by both antibodies is indicate  in
each panel by arrows. Cell lines: lane 1, CarB; lane 2, control
clone neo6; lane 3, transfectant clone CarEC14; lane 4,
transfectant clone CarEB3; lane 5, transfectant clone CarPB5; lane
6, transfectant clone CarPD3.
Table 1. Summary of the latency of the tumors induced
by CarB transfectants injection in nude mice
Latency to reach Total no.
1 cm in size of tumors
Cell E-cadherin P-cadherin (injection
line expression*expression*7-9 d 10-13 d 16 d sites)
neo6 - - 10 5 15(15)
CarEC14 ++ - 4 4 8(8)
CarEB3 ++ - 4 2 6(6)
CarPB5 - ++ 2 7 1 10(10)
CarPD3 - ++ 2 6 8(8)
The total number of tumors induced by the transfectants that reached 1
cm in size (latency) at the indicated days after injection is presented.
*The + and - symbols represent the relative levels of E- or P-cadherin
protein expressed by the different cell lines in culture, derived from
immunofluorescence and Western blotting data.
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by the cadherin transfectants were all classified as spindle
carcinomas by histological examination. The immunohisto-
chemical staining for cadherins in the tumors induced in
two separate experiments showed a completely negative
staining for either E- or P-cadherin in one of the experi-
ments. However, some of the tumors induced in a third
experiment showed a positive staining for E-cadherin
(about 50% of the analysed tumors induced by CarEC14
and CarEB3) or P-cadherin (about 70% of the analysed
tumors induced by CarPD3 and CarPB5), while all the
tumors induced by the control clone neo6 were negative for
both cadherins, as expected. Nevertheless, in all the posi-
tive tumors E- or P-cadherin showed an abnormal pattern
of staining. The cell adhesion molecules were homoge-
neously distributed over the tumor cells and apparently
localized in the cytoplasm, with complete absence of E- or
P-cadherin staining at the cell-cell contact regions (not
shown). On the other hand, we could not find any correla-
tion between latency of the tumors, size or grade of infil-
tration and expression of cadherins. These results suggest
that aberrant localization and unstable expression of the
ectopic cadherins is taking place during tumor growth. Such
instability was also suggested by the isolation of cell lines
from explanted tumors, negatively stained for either cad-
herin, which were able to re-express the appropriate ectopic
cadherin in culture (not shown). 
These results indicate that the exogeneous expression of
either E- or P-cadherin is not sufficient to modify signifi-
cantly the morphological or tumorigenic behavior of mouse
spindle carcinoma cells. In addition, the expression of both
adhesion molecules appears to be unstable in the in vivo
environment during tumor growth.
Function of E- and P-cadherin molecules
expressed by the transfectants
The inability of the exogenous cadherins to induce any sig-
nificant morphological change in spindle carcinoma cells is
in contrast to previous data on other fibroblastic cell lines,
where transfection with E- or P-cadherin induced a transi-
tion towards an epithelium-like phenotype. Although the
morphological changes reported in mouse L fibroblasts
were rather subtle (Nagafuchi et al., 1987; Nose et al., 1988;
Chen and Obrink, 1991), other cell types such as the mouse
sarcoma SN180 cells acquired the ability to grow as epithe-
lial sheets after transfection with chicken L-CAM (Mege et
al., 1988). Similar epithelioid conversion has also been
reported in some dedifferentiated human carcinoma and
murine mammary cells by E-cadherin transfection associ-
ated with the loss of the invasive properties of the parental
cells (Frixen et al., 1991; Vleminckx et al., 1991). The lack
of an apparent effect on the morphology or tumorigenicity
observed in our mouse spindle carcinoma cells suggested
to us that perhaps the ectopic cadherins expressed by the
spindle transfectant cells were not fully active as recently
reported in lung carcinoma PC9 cells (Shimoyama et al.,
1992) and in v-srctransformed cells (Matsuyoshi et al.,
1992; Hamaguchi et al., 1993).
To gain a further insight into the function of the exoge-
nous cell adhesion molecules expressed in spindle cells, we
analysed the association of the cadherins with the cytoskele-
ton in the E- and P-cadherin transfectants. To this end, the
four selected clones were subjected to solubilization with
the d tergent NP-40 and the cadherin component associated
with the insoluble fraction was analysed, as an indication
of the functional activity of the cell adhesion molecules
(N gafuchi and Takeichi, 1988; Ozawa et al., 1989). West-
ern immunoblotting of the NP40-soluble and -insoluble
fractions obtained from the four transfectant clones was car-
ried out with the appropriate antibodies. The results, shown
in Fig. 4, indicate that in all cases a significant fraction of
the protein was detected in the NP40-insoluble fractions.
The mount of insoluble cadherin ranged from about 40%
in clone CarEC14 to 25% in clone CarEB3. These results
indicate that at least a fraction of the exogenous E- or P-
cadherin molecules was able to associate with the
ytoskeleton, suggesting some functional activity for the
cell adhesion molecules (Nagafuchi and Takeichi, 1988;
Ozawa t al., 1990). 
Table 2. Aggregation of CarB cells and E-cadherin
transfectants
Trypsin Aggregation†
Cell line treatment* (N30/N0) (N60/No)
CarB +CaCl2 0.98 1.04
+EGTA 0.95 0.88
neo6 +CaCl2 0.96 ND‡
+EGTA 0.93 ND
CarEC14 +CaCl2 0.65 0.36
+EGTA 0.94 1.05
CarEB3 +CaCl2 0.69 0.29
+EGTA 0.92 0.88
*Cells were treated with 0.01% trypsin in the presence of 1 mM CaCl2
or 1 mM EGTA for 30 min.
†Shown by aggregation index  determined after 30 and 60 min of
incubation as described in Materials and Methods. The data presented for
the neo6 and CarEC14 cells represent the mean of four  independent
experim nts, the s.d. ranged between ± 0.005 and ± 0.03 for the various
experimental points. The data presented for the CarB and CarEB3 cells
represent an individual experiment.
‡ND, not determined.
Fig. 4.Detergent extraction of E- (A) or P-cadherin (B)
polypeptides from the different transfectants of CarB cells. Cells
growing at high density were treated with 2.5% NP-40, and the
soluble (s) and insoluble (i) fractions were separated and western
immunoblotted with the appropriate mAb. Migration of the
molecular mass markers, 205, 116 and 97.4 (kDa) is indicated on
the right. The estimated molecular masses, in kDa, of the antigens
detected by mAb ECCD-2 (A) or PCD-1 (B) are indicated by
arrows.
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We then investigated the effect of the exogenous
expression of E-cadherin in the calcium-dependent adhe-
sive behavior of transfectants and control cells. The results
obtained with an in vitro aggregation assay for the E-cad-
herin positive clones CarEC14 and CarEB3 are shown in
Table 2. As can be observed, both transfectant clones exhib-
ited a significant level of calcium-dependent aggregation
after 30 min, increasing to 60-70% aggregation after 1 h,
in contrast to the negative results obtained with the parental
cells or the control clone neo6. These results indicate that
the exogenous E-cadherin of two independent clones of
spindle cells is expressed in a conformationally active state
at least with regard to its calcium-dependent adhesion func-
tion. 
Association of the exogenous cadherins with the
catenin complex
The activity of cadherins appears to be mediated by their
interaction with the catenin complex of proteins (identified
so far as a -, b - and g -catenin) as linkers to the cytoskele-
ton (Ozawa et al., 1989; Nagafuchi and Takeichi, 1989;
Wheelock et al., 1990; McCrea and Gumbiner, 1991; Whee-
lock and Knudsen, 1991; Ozawa and Kemler, 1992).
Characterization of the cadherin-catenin complex present
in the E-cadherin transfectants was carried out by immuno-
precipitation analysis of metabollically labeled cells with
the mAb ECCD-2. As positive control for this type of
experiment we chose two mouse epidermal cell lines: PDV
cells expressing endogenous E- and P-cadherin, and the
transfectant clone E62, which expresses exogenous E-cad-
herin and endogenous P-cadherin (Navarro et al., 1991). As
can be observed in Fig. 5, E-cadherin appeared to be asso-
ciated with three major polypeptides with apparent molec-
ular masses of 105, 95 and 84 kDa in E62 (Fig. 5, lane 1)
and PDV cells (Fig. 5, lane 3). Some minor polypeptides
of about 93 and 83-80 kDa were also detected in E62 cells.
Th  sizes of the three major polypeptides were in agree-
m nt with those previously described for the a -(102 kDa),
b -(92 kDa), and g -catenin (83 kDa) proteins in other cell
systems (Ozawa et al., 1989; Nagafuchi and Takeichi, 1989;
Wheelock et al., 1990; McCrea and Gumbiner, 1990; Whee-
lock and Knudsen, 1991). In contrast to the two epidermal
cell lines, immunoprecipitation from CarEC14 and CarEB3
transf ctants revealed that the exogenous E-cadherin was
mainly associated with two polypeptides of 105 and 95 kDa,
apparently corresponding to a - and b -catenin, respectively.
However, complete absence (CarEC14, Fig.5, lane 7) or
extremely low levels (CarEB3, Fig.5, lane 9) of the 84 kDa
polypeptide were detected in the immunoprecipitates from
the two E-cadherin transfectants. No specific immunopre-
cipitati n bands could be detected in the parental CarB
cells, as expected (Fig. 5, lane 5), or in the negative con-
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Fig. 5.Immunoprecipitation analysis of the E-cadherin-
catenin complexes of epidermal and spindle cells.
Metabolically labeled cell extracts from the indicated cell
lines were subjected to immunoprecipitation with mAb
ECCD-2 (lanes 1, 3, 5, 7 and 9) or non-immune rat Ig (lanes
2, 4, 6, 8 and 10). Migration of E-cadherin (E-CD) is
indicated by an arrow on both sides of the gel and that of the
molecular mass markers, in kDa, on the right. E-cadherin
expressed by PDV and E62 cells (used as a positive control,
lanes 1 and 3, respectively) was associated with three
polypeptides of 105, 95 and 84 kDa, indicated as a ,  b  and g
(-catenin) by arrows on the left. Exogenous E-cadherin
expressed by CarB transfectants was associated only with the
105 and 95 kDa polypeptides, whereas the 84 kDa
polypeptide was apparently absent (lanes 7 and 9). 
Fig. 6. Detection of E-cadherin-associated polypeptides.
(A) Equivalent samples of E-cadherin immunocomplex from
PDV cells were immunobloted with antibodies to a -catenin
(lane 1), the Drosophilla armadilloprotein, b -catenin (lane
2), and plakoglobin (lane 3). The migration of the identified
antigens is indicated, in kDa, on the left, as well as the
migration of the heavy chain of immunoglobin (Ig).
(B) Samples containing identical amount of total protein from
whole cell extracts of MCA3D (lane 1) and CarB cells (lane
2) and equivalent samples of E-cadherin immunoprecipitates
from MCA3D (lane 3) and transfectant CarEC14 cells (lane
4) were immunoblotted against the plakoglobin mAb PG 5.1.
Migration of the molecular mass markers 205, 116, 97.4 and
66 kDa are indicated on the right. Almost undetactable levels of plakoglobin were observed in CarB cells and immunoprecipitates from
CarEC14, as compared with MCA3D cells and their E-cadherin immunocomplex.
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trols using a preimmune rat serum as the first antibody (Fig.
5, even lanes). Similar immunoprecipitation analysis with
the mAb PCD-1 in the P-cadherin transfectants, CarPD3
and CarPB5, also showed that the exogenous P-cadherin
appeared to be exclusively associated with the polypeptides
of 105 and 95 kDa in those clones (data not shown).
Characterization of the E-cadherin-associated polypep-
tides was carried out by western immunoblotting of the
PDV immunoprecipitates with specific antibobies against
a -catenin, b -catenin and plakoglobin. As shown in Fig. 6A,
the a -catenin and plakoglobin antibodies recognized unique
bands with apparent molecular masses of 105 (lane 1) and
84 kDa (lane3), respectively. The b -catenin antibody rec-
ognized one specific band of 95 kDa (Fig. 6A, lane 2),
together with some diffuse bands of high molecular mass,
probably representing a non-specific reaction of this poly-
clonal antibody. These results identify the three major
polypeptides associated with E-cadherin in mouse ker-
atinocytes as a -(105 kDa), b -catenin (95 kDa) and plako-
globin (84 kDa). The lack of association of 84 kDa com-
ponent with the ectopic E-cadherin in the spindle
transfectants could be explained either by a much weaker
association in those cells compared with epidermal cell
lines or by the absence, or reduced levels, of plakoglobin
from the parental CarB cells. To test the first possibility E-
cadherin immunocomplexes obtained from control epider-
mal MCA3D cells and CarEC14 transfectant were washed
with increasing concentrations of salt (0.15 to 0.5 M NaCl).
The intensity of the 84 kDa-associated polypeptide
increased in the immunoprecipitates of control MCA3D
cells when washed in low salt concentrations (0.15M), in
agreement with the weaker association of g -catenin/plako-
globin reported in other systems (Ozawa and Kemler,
1992). However, we could not detect increased levels of
the 84 kDa polypeptide in the immunoprecipitates of
CarEC14 cells after washing in different salt concentrations
(results not shown). To test for the presence of plakoglo-
bin in the parental cells, whole cell extracts from CarB cells
were immunoblotted with the mAb PG5.1 specific for
plakoglobin in parallel with whole cell extracts obtained
from the control cell line MCA3D. As can be observed in
Fig. 6B, extremely low levels of plakoglobin were detected
in whole cell extracts of CarB cells (Fig. 6B, lane 2) as
compared with the level detected in MCA3D extracts (Fig.
6B, lane 1). Significant levels of plakoglobin were also
detected in E-cadherin immunocomplex from MCA3D cells
(Fig. 6B, lane 3), whereas no detectable plakoglobin was
observed in the immunocomplex from CarEC14 cells (Fig.
6B, lane 4). It should also be noted that the PG5.1 mAb
recognized, in addition to the major 84 kDa polypeptide,
additional minor bands of 83-80 kDa in both whole-cell
extracts and the E-cadherin immunocomplex from MCA3D
cells. Similar bands were also detected in the labeled
immunoprecipitates of E62 cells (see Fig. 5). These minor
bands could represent proteolytic degradation of plakoglo-
bin or related proteins. 
These results strongly support the idea that the lack of
association of ectopic E- or P-cadherin with the 84 kDa
component in the spindle transfectant clones must be
explained by the reduced levels of plakoglobin present in
the parental CarB cells.
DISCUSSION
Our previous studies on the role of cadherins in mouse epi-
dermal carcinogenesis showed that E-cadherin was down-
regulat d during the progression of squamous cell carcino-
mas and also suggested that the loss of both E- and
P-cadherin could be involved in the last stages of progres-
si n in this system. Thus, fully undifferentiated spindle cell
carcinomas and derived cell lines have completely switched
off the expression of both cadherins in vivo and in vitro
(Navarro et al., 1991). To investigate further the influence
of cadherins in the development of the morphological and
tumorigenic phenotype of spindle cell carcinomas we have
ow analysed the influence of the ectopic expression of E-
or P-cadherin in a cell line, CarB, derived from a spindle
carcinoma. The parental CarB cells are highly malignant,
exhibit a fibroblastic-like phenotype and are completely
d fici nt in E- and P-cadherin expression (Navarro et al.,
1991) and other epithelial markers (Díaz-Guerra et al.;
1992, Gómez et al., 1992).
Stable transfectants expressing high levels of E- or P-
cadherin were obtained by transfection of CarB cells with
the appropriate expression vectors. However, the transfec-
tants were unable to organize the cell adhesion molecules
exclusively in a defined pattern at cell-cell contacts; they
also showed a punctate and filamentous distribution over
the cell surface (see Fig. 1). In agreement with this organ-
ization of the cell adhesion molecules, the E- or P-cadherin
transf ctant clones maintained a fibroblastoid phenotype in
culture, indistinguishible from the phenotype of parental
cells when growing at high density (Fig. 2). On the other
hand, the tumorigenic behavior of CarB cells was not sig-
nificantly affected by the ectopic expression of E- or P-cad-
herin (Table 1). The spindle tumors generated by the trans-
fectants showed an apparently unstable expression of
ectopic cadherins, some of them being completely negative
while thers maintain the expression of the cell adhesion
molecules although with an aberrant distribution. This
obse vation supports the instability of cadherin expression
observed in ovarian carcinoma cells (Hashimoto et al.,
1989) and is in agreement with the reported down-regula-
tion of ectopic E-cadherin in transformed MDCK cells
during tumor growth (Mareel et al., 1991, 1993; Vleminckx
et al., 1991). The basis for this in vivo instability/down-
regulation of cadherins is not completely understood and
des rves further investigation. The results obtained here
with the spindle transfectants indicate that the exogenous
expression of either cadherin is not sufficient to promote a
fi broblastoid to epithelial conversion or to affect the tumori-
genicity of highly malignant spindle carcinoma cells.
Whether the coordinated expression of both E- and P-cad
herin could influence the morphological and/or tumorigenic
behavior of mouse spindle cells is unknown. To answer this
question we tried to obtain double E- and P-cadherin trans-
fectants but, unfortunately, we failed by both direct double
transfection of parental CarB cells and secondary transfec-
tion of E-cadherin on the previously selected P-cadherin
transfectant clone CarPB5. In both cases all the clones
selected expressed high levels of only one of the two cad-
herin molecules (data not shown). These results suggest the
existence of some competition between the expresssion of
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E- and P-cadherin in CarB cells. This situation has also
been recently observed by Matsuyoshi et al.(1992) in v-
srctransformed 3Y1 rat cells, in which transfection of E-
cadherin decreases the level of expression of the endoge-
nous P-cadherin in some 3Y1-derived cell lines.
Previous transfection experiments of cadherins in other
fi broblastoid cell lines such as L cells (Nagafuchi et al.,
1987; Nose et al., 1988; Chen and Obrink, 1991), sarcoma-
derived S180 cells (Mege et al., 1988) or dedifferentiated
carcinoma cells (Frixen et al., 1991; Vleminckx et al., 1991)
have supported an important role for E-cadherin in the
acquisition of the epithelial phenotype as well as in pre-
venting invasive properties. Nevertheless, more recent
studies indicate that the presence of cadherins by itself does
not appear to be sufficient to promote those effects. Lung
carcinoma PC9 cells show reduced cell-cell adhesion in
spite of the expression of endogenous E-cadherin (Shi-
moyama et al., 1992) and overexpression of E-cadherin in
v-src and v-src/v-fos-transformed 3Y1 rat cells does not
modify the morphology or adhesive properties and was
unable to prevent the invasive behavior of transformed cells
(Matsuyoshi et al., 1992). The absence of a -catenin in PC9
cells (Shimoyama et al., 1992; Hirano et al., 1992) or
increased phosphorylation of the b -cat nin-associated pro-
tein in src-transformed cells (Matsuyoshi et al., 1992)
appears to be responsible for E-cadherin dysfuntion.
Increased tyrosine phosphorylation also inactivates the N-
cadherin-catenin complex in v-src-transformed chick
embryo fibroblasts (Hamaguchi et al., 1993).
In the present study we have investigated the function of
the exogenous E- and P-cadherin molecules expressed by
the CarB transfectants by analysing their interaction with
other cytoplasmic components. A fraction of ectopic E- and
P-cadherin molecules appeared to be associated with deter-
gent-insoluble components (Fig. 4), suggesting that they
were endowed with some function. In fact, the ectopic
expression of E-cadherin confers Ca2+-dependent aggrega-
tion on the spindle transfectant cells in an in vitro assay
(see Table 2), indicating that the E-cadherin molecules can
function normally in mediating initial cell aggregation in
suspended cells. Nevertheless, this initial adhesion is not
sufficient to maintain the cells in close contact while grow-
ing as monolayers on adhesive substrata, as deduced from
the fibroblastic morphology of transfectant cultures. In sup-
port of this conclusion, we have also observed that the E-
cadherin transfectant clone CarEC14 exhibited the same
high motility behavior, assesed by video-lapse cinematog-
raphy (Van Larebeke et al., 1992), as that shown by the
parental CarB cells (P. Navarro, Van Larebecke, M. Mareel
and A. Cano, unpublished results). All these data reinforce
the idea that the E-cadherin molecules expressed by the
transfectant spindle cells are not completely functional in
spite of their apparent association with insoluble cytoplas-
mic components and their ability to induce initial cell aggre-
gation of suspended cells.
The immunoprecipitation analysis carried out with the E-
cadherin transfectants, CarEC14 and CarEB3, indicated that
ectopic E-cadherin was associated mainly with two
polypeptides of 105 and 95 kDa, in contrast to endogenous
E-cadherin expressed by the control epithelial cell line PDV
or exogenous E-cadherin expressed by the epithelial E62
tran fectant (Navarro et al., 1991), which associated with
three major polypeptides (105, 95 and 84 kDa) under the
same experimental conditions (see Fig. 5) or after milder
washing of the immunoprecipitates. The 105 and 95 kDa-
associated polypeptides have been identified as a - and b -
catenin, repectively, in PDV cells, using specific antibodies
In addition, the mAb PG5.1 against plakoglobin recognized
 p lypeptide of 84 kDa in immunoprecipitates obtained
from PDV and MCA3D cells (Fig. 6), indicating the asso-
ciation of plakoglobin with E-cadherin in murine ker-
atinocytes. In contrast to the epithelial cell lines, no plako-
globin could be detected in the E-cadherin immunocomplex
obtained from the spindle transfectant CarEC14 cells, in
parallel with the absence of the 84 kDa component observed
in those immunoprecipitates (compare Figs 5 and 6). The
extremely low levels of plakoglobin detected in whole-cell
extracts of the parental CarB cells compared with MCA3D
(Fig. 6) or PDV cells (not shown) strongly support the idea
that the impaired association of the ectopic E-cadherin with
the 84 kDa component can be explained by the apparent
lack of plakoglobin rather than by a much weaker associ-
ation of this component in spindle cells. These results also
supp t previous reports indicating that g -ca enin could in
fact be plakoglobin, or a plakoglobin-related molecule
(Knudsen and Wheelock, 1992), although we cannot com-
pletely rule out the possibility of the presence of additional
mol cules distinct from plakoglobin in the 84 kDa compo-
nent of the E-cadherin complex. In this context, it is also
worth mentioning that the E-cadherin molecules expressed
by mouse keratinocytes appear to associate with g -
catenin/plakoglobin with higher affinity than in other cell
systems (McCrea and Gumbiner, 1991; Ozawa and Kemler,
1992; Hirano et al.,1992; Matsuyoshi et al.,1992; Ham-
aguchi et al., 1993). Whether this is a specific feature of
stra ifi d epithelial cells or can be extended to other types
of epithelial cells remains to be established. 
A key role for a - and b -catenin components in cadherin
function has been recently proposed. Transfection of the a -
catenin-deficient cell line PC9 (Shimoyama et al., 1992)
with an a -N-catenin cDNA, a neural subtype, restores the
capacity to form aggregates of tightly adherent cells that
also show epithelial arrangement (Hirano et al., 1992). On
the other hand, studies with v-src-transformed cells that
showed unstable cell-cell adhesion have shown an increased
phosphorylation of the cadherin-catenin complex in the b -
catenin component (Matsuyoshi et al., 1992) or in both a -
and b -catenin (Hamaguchi et al., 1993). These observations
support the idea that impaired function of cadherins in
tr nsformed cells can be mediated by deficient association
or by post-transcriptional modification of the a -/b -catenin
compon nts. In contrast to those previous studies, we have
shown here that cadherins expressed by transfectant CarB
cells re stably associated with a - and b -catenin. Prelimi-
nary experiments have not shown increased tyrosine phos-
phorylation of the cadherin-catenin complex in the spindle
transfectants. The association to the a -catenin component
may be responsible for the initial Ca2+-dependent aggrega-
tion exhibited by the E-cadherin transfectants in suspen-
sion, as shown by PC9 cells when transfected with a -N-
catenin (Hirano et al., 1992). However, the association of
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E-cadherin with both a - and b -catenin in our transfectant
spindle cells is not sufficient to induce stable cell-cell adhe-
sion or to change the morphology, motility or tumori-
genicity of cadherin-expressing cells. Although the involve-
ment of modifications in the a -/b -catenins cannot be
formally excluded yet, the lack of plakoglobin detected in
the parental spindle cells and, therefore, its absence in the
cadherin complexes of the transfectants, could be an expla-
nation for the deficient organization of cadherins in those
cells. It is also tempting to speculate about the possible
involvement of plakoglobin in the abnormal localization of
ectopic cadherin observed during tumor growth. Transfec-
tion experiments with plakoglobin cDNA on spindle cad-
herin transfectants, now in progress, should help in deter-
mining whether plakoglobin will be sufficient to restore an
epithelioid phenotype or whether additional epithelial com-
ponents will also be required. Finally, the results described
here also suggest that the function of E-cadherin in medi-
ating calcium-dependent aggregation and the acquisition of
the epithelial phenotype appear to be separate, at least in
highly undifferentiated carcinoma cells. 
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